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Background: Mannose receptor (MR) is an immune adhesion molecule and is mainly expressed in 
macrophages and nonmature dendritic cells. The ligand mannose, one of the natural ligands of MR, is a 
monosaccharide, which is localized in the envelope or cytoplasm of macrophages. The aim of this study was 
to investigate expression of MR and its ligand mannose in tumor tissues of primary advanced gastric cancer 
and to evaluate the predictive and prognostic value of the positive cells in gastric cancer patients. 
Methods: Histochemical staining for Narcissus pseudonarcissus lectin (NPL) and immunohistochemical 
envision two-step assay for MR were used to detect expression of NPL and MR in primary advanced 
gastric adenocarcinoma tissues. Adjacent non-cancerous gastric tissues of the patients were used as controls. 
Relationship of NPL and MR expression in the tumor tissues with clinicopathological features and survival 
time of the gastric cancer patients were analyzed. 
Results: Numbers of NPL+ and MR+ macrophages in stromal tissues of gastric cancer were significantly 
higher than those in the adjacent non-cancerous gastric tissues (P=0.006; P<0.001). NPL expression in the 
primary tumor tissues was significantly more dominant than that in the adjacent non-cancerous gastric tissues 
(P=0.003). Expression of both the molecules in macrophages in tumor tissues was negatively correlated 
(r=−0.363, P=0.009). TNM stage of the patients was closely correlated to number of MR+ macrophages 
and NPL expression in the stromal tissues of gastric cancer (P=0.009 and P=0.020). Kaplan-Meier survival 
model data showed that the patients with low counting of NPL+ macrophages and high counting of MR+ 
macrophages significantly led to worse disease progression and poorer prognosis (P=0.008). Cox regression 
analysis further demonstrated that high expression of MR+ macrophages was an independent predictor of 
poor prognosis in patients with gastric cancer (P=0.033). 
Conclusions: Occurrence of mannose and MR in tumor tissues of gastric cancer might be prognostic 
factors for estimating risk of gastric cancer patients.
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Introduction

Gastric cancer is the fifth most common malignant tumor 
and the third leading cause of cancer death worldwide (1). 
There are highest morbidity and mortality in East Asia 
area, such as South Korea, Mongolia, Japan, and China, 
and becomes the second most deadly cancer entity in 
China (2). Although huge advances have been made in 
the diagnosis and treatment of gastric cancer, the survival 
of patients is still poor, especially in the patients at the 
advanced stage of gastric cancer (3). In addition, the current 
TNM classification cannot fully reflect the tumor biological 
behavior and prognosis for patients with gastric cancer (4). 
Therefore, there is an urgent need to identify more sensitive 
biomarkers that objectively predict tumor progression and 
patient survival, as well as to provide potential modalities to 
treatment of the tumor.

Mannose receptors (MR, also CD206) (5), is a subgroup 
of the C type lectin superfamily. As a transmembrane 
receptor, it especially recognizes saccharide chains 
terminating in mannose, fucose or N-acetylglucosamine. 
MR was expressed mainly on the surface of tissue 
macrophages and less in hepatic and lymphatic endothelia, 
glomerular mesangial cells in the kidneys, tracheal smooth 
muscle cells and retinal pigment epithelium (6). MR has 
the function of regulating homeostasis, mediating innate 
and acquired immune responses, and organically combining 
these immune responses together by endocytosis (6,7). MR 
is involved in the body’s tumor immunity, tumor metastasis, 
and immune evasion in the tumor microenvironment by 
recognition of different tumor-associated antigens (8-10). 
Previous studies revealed that MR, as an immunoadhesive 
molecule, was abnormally overexpressed in tumor stromal 
tissues, potentially affecting carcinogenesis, development 
and prognosis of patients (11-14). Although a recent 
investigation demonstrated that MR was highly expressed 
in gastric cancer cell lines as well as tissue samples of gastric 
cancer and was considered an independent predicting factor 
for poor prognosis of gastric cancer patients (15), more 
evidences indicated that gastric cancer itself presented no 
expression of MR (16,17). Rather, a previous study showed 
that MR was expressed only in macrophages of gastric 
cancer tissues and would be a poor prognostic factor for 
gastric cancer patients (16). On the other hand, tumor-
associated macrophage surfaces (TAMs), in particular in M2 
macrophages, are rich in MR, which is widely recognized 
as a specific marker for M2 macrophages (18-20). MR-
tagged M2 macrophages often infiltrate in the stromal 

tissues of tumors (21). However, the potential effect of MR-
tagged M2 macrophages in the advanced gastric cancer 
and its prognosis remains controversial (16,22). Thus, it 
is necessary to further investigate potential effects of MR 
expression on clinicopathological outcome in patients with 
gastric cancer.

Mannose, one of the natural ligands for the MR, is a 
monosaccharide, which is expressed in the envelope or 
cytoplasm of macrophages (23,24), and plays a key role 
in human metabolism, especially in the glycosylation of 
proteins (25). Mannose is required for N-glycosylation 
and glycophospholipid anchoring synthesis. A variety 
of cancers are often involved in aberrant glycosylation. 
Changes in glycosylation may be associated with signaling 
pathways during malignant transformation. The previous 
investigations found that levels of serum mannose increased 
in patients with esophageal adenocarcinoma and breast 
cancer (26,27). As a member of the large family of mannose-
binding proteins, Narcissus pseudonarcissus lectin (NPL) is 
a molecule from monocotyledons such as Amaryllidaceae, 
Liliaceae, Onion, Orchidaceae and Araceae (28). NPL 
exhibits a characteristic with an α-D-mannose specific 
conjugation and preferable binding to α-1,3 or α-1,6 linked 
mannose, which has the highest affinity towards oligomeric 
saccharides on glycoproteins (29). The expression of 
carbohydrate chain on the surface of gastric normal mucosal 
epithelial cells and gastric cancer cells had been detected 
by a NPL-based lectin chip (30). Like MR, NPL is also 
expressed in macrophages, which are rich in mannose sugar 
chains on the surface of activated macrophages (24,31,32). 
However, there are no evidences indicating whether NPL is 
involved in pathogenesis of gastric cancer.

In the microenvironment of solid tumors, macrophages 
are the most abundant immune cells and take part in 
the pro-inflammatory effects of tumors. Activated M2 
macrophages enable the ability to promote tumor growth, 
angiogenesis, invasion, metastasis, and immunosuppressive 
T cell  production. Thus, it  was believed that M2 
macrophages promoted tumor progression (21) and was 
used as a prognostic marker for various tumors (33). It 
was demonstrated that macrophages were able to mediate 
a endocytosis effect when MR on its surfaces integrated 
the terminal mannosyl unit on extracellular lipid mannan 
(LM) of Mycobacterium tuberculosis (34). Also, recognition of 
MR to its ligand-mannose promoted the phagocytic effect 
of macrophages (33) and induced macrophages to secrete 
cytokines such as IL-12, TNF-α and IFN-γ (35). It was 
suggested that expression of MR and its ligand mannose 
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in gastric cancer tissues might be a valuable predictor of 
cancer invasiveness and prognosis (36,37). However, the 
investigations have been lacked that carry out a comparative 
observation of expressions of MR and mannose in gastric 
cancer tissues. Thus, studies regarding effects of mannose 
and MR expression on the clinical progression and 
prognosis in gastric cancer patients were still expected. In 
this study, we performed an immunohistochemical staining 
for MR-derived cells and NPL lectin histochemical staining 
for its ligand mannose (via NPL)-derived cells and gastric 
cancerous tissues. We further analyzed relationship between 
expressions of MR and its ligand-mannose in gastric cancer 
tissues and addressed associations of the biomarkers and 
clinical and pathological features of the patients as well as 
effects on prognostic value for the gastric cancer patients.

We present the following article in accordance with the 
REMARK reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-1459).

Methods

Patients and tissue samples

Fifty Chinese patients with primarily advanced gastric 
adenocarc inoma,  a long with  his tory  of  negat ive 
Helicobacter pylori infection and full data of clinical 
pathological observation, were carefully recruited in the 
present study (38). The patients underwent gastrectomy 
at the Department of Gastrointestinal Surgery, the First 
Affiliated Hospital of Anhui Medical University of China 
from April 2014 to December 2015. None of the cases 
received any chemotherapy or radiotherapy before surgery. 
All the patients received a conventional postoperative 
chemotherapy modality, i.e. postoperative intravenous 
infusion of oxaliplatin plus oral tegafur, three weeks per 
course, eight courses under adjuvant treatment, and 6 
courses under palliative treatment. Dosages were supplied 
according to body weight and body surface area of the 
patients.  Tumor tissue samples were obtained from the 
patient’s surgical resection specimens as an experimental 
group. Ten adjacent non-cancerous gastric tissues from 
the incisions being more than 5 cm far away from the 
edge of tumor out of the patients with advanced gastric 
adenocarcinoma were collected. For each patient, the 
clinicopathological features, including age, gender, tumor 
location, tumor size distant metastasis, depth of invasion, 
lymph node metastasis, degree of differentiation and 
histological type were retrospectively collected. The 

depth of invasion, nodal metastasis, cancer embolus, 
differentiation degree, pathohistological type and TNM 
stage of the tumor were reclassified according to the eighth 
American Joint Committee on Cancer TNM classification 
by two independent gastroenterology pathologists. Survival 
follow-up survey was successfully obtained of all the patients 
until November 2017. Overall survival (OS) was defined 
as the time between the dates of surgery and death or the 
last visit. During the follow-up period, the death of the 
patient caused to tumor recurrence or metastasis, and not 
counted other diseases and accidental death. All procedures 
performed in studies involving human participants were in 
accordance with the ethical standards of the institutional 
research committee of Anhui Medical University of China 
(No. 20080253) and with the Helsinki Declaration (as 
revised in 2013). Written informed consent was obtained 
from the patient.

Immunohistochemistry analysis

Paraffin specimens of gastric cancer tissues were cut into 
4-μm sections and baked in an incubator at 60 ℃ overnight. 
The specimens were deparaffinized in xylene and rehydrated 
through descending concentrations of ethanol. After washed 
twice in phosphate-buffered saline (PBS, pH 7.4) at room 
temperature (RT) for 5 min, the endogenous peroxidase 
activity in the tissue sections was inhibited by incubation 
with 3% H2O2 at RT for 10 min. Antigen retrieval of the 
tissue sections was achieved by means of 0.01 M citrate 
buffer (pH 6.0) at RT for 2 min, followed by cooling for 2 h.  
After washed in PBS and blocked with 5% BSA in PBS at 
RT for 1 h to reduce nonspecific binding, the tissue sections 
were incubated with polyclonal rabbit-anti-human MR 
antibody (CD206, Abcam, Cambridge, USA) diluted 1:8,000 
at 4 ℃ overnight. Antibody recognition was detected with 
peroxidase-conjugated goat anti-rabbit IgG secondary 
antibody (Zhongshan Goldenbridge Biotechnology Co., 
Ltd., Beijing, China) at RT for 30 minutes. After PBS 
washing, all the staining results were observed by DAB kit 
(DAB-0031, MXB Biotechnologies, Fujian, China). Finally, 
the sections were counterstained with hematoxylin.

Lectin histochemistry 

Deparaffinized 4-μm thick sections of the primary gastric 
cancers were rehydrated through a series of graded ethanol 
solutions and incubated for 10 min at RT with 3% H2O2. 
And washed in 0.01M PBS buffer (pH 7.4) at RT three 
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minutes for three times, the sections were incubated with 
biotinylated NPL (Vector, Burlingame, CA, USA) at PBS 
buffer-diluted concentration of 1:200 at RT for 30 min. 
The sections were blocked with normal non-immune 
animal serum at RT for 15 min. After carefully washed in 
PBS buffer, the sections were incubated with a streptavidin-
peroxidase complex (KIT-9710, MXB Biotechnologies, 
Fujian, China) at RT for 10 min. Finally, all the sections were 
visualized with DAB kit (DAB-0031, MXB Biotechnologies, 
Fujian, China), and counterstained with hematoxylin.

Evaluation of immunochemistry (IHC) and lectin staining

Positive staining of MR and NPL were observed in the 
cytoplasm and/or on the cell membrane of macrophages in 
tumor stromal tissues and appeared like brown granules. 
Histological observation and quantitative analysis of 
NPL+ and MR+ macrophages in the tumor stromal tissues 
were independently performed by two pathologists under 
Olympus CX31 microscope (Olympus, Center Valley, PA, 
USA). Five independent high-power fields (HPF, ×400) 
in tumor tissues were selected for counting positive cells. 
The mean values of the positive cells were taken as the 
count values of NPL+ macrophages and MR+ macrophages, 
respectively. The receiver operating characteristics (ROC) 
curve analysis was used to calculate the cut-off values of 
NPL+ and MR+ macrophages in gastric cancer cases, which 
were divided into high-density group and low-density 
group. Based on the density of NPL+ and MR+ macrophages 
in tumor tissues, the patients were classified into four 
groups: lowNPL+ and lowMR+ group; highNPL+ and lowMR+ 
group; lowNPL+ and highMR+ group; and highNPL+ and highMR+ 
group (39). In the cancerous tissues, NPL was mainly 
located in the envelope or cytoplasm of gastric cancer cells. 
Staining intensity was scored as no staining (−), weak (+), 
moderate (++) and strong (+++).

Statistical analysis

Statistical analysis was performed using the SPSS 22.0 
software. The immunohistochemical staining variables of 
MR and NPL between tumors and adjacent normal tissues 
were analyzed by t-test or chi-square (χ2) test. Correlation 
analysis was performed with Spearman. Chi-square test 
or Fisher’s exact test was used to analyze the correlation 
between immunohistochemical staining variables and 
clinicopathological parameters. Survival analysis was 
performed using the Kaplan-Meier analysis and log-

rank test were used to assess statistical significance. Cox 
proportional hazards regression was employed for univariate 
and multivariate analysis of prognostic. A p value P<0.05 
represented a statistically significant difference. 

Results

Staining characteristics in gastric cancer 

As shown in Figure 1, the stromal NPL+ cells mainly 
were the stromal macrophages adjacent to tumor tissues. 
NPL localized in the cytoplasm and membrane of the 
macrophages, which appeared coarse-grained brown-
yellow. In particular, dense and diffuse distribution of NPL+ 
macrophages were rich in the areas of inflammatory cell 
infiltration in gastric cancers. In cancer tissues, density 
distribution of NPL+ macrophages were equal to inside 
and outside of the nest of tumors, but the distribution of 
NPL in normal gastric mucosa and in cancerous tissues 
varied. In normal gastric mucosa, NPL was mainly located 
in the cytoplasm of chief cells, parietal cells and neck 
cells, which were granular brownish yellow and densely 
stained (Figure 1A). In cancerous tissues expression of NPL 
mainly appeared in the cell membrane or cytoplasm of 
gastric cancer. NPL expression was observed in papillary 
adenocarcinoma (Figure 1C), tubular adenocarcinoma 
(Figure 1E), low differentiated adenocarcinomas (Figure 1G) 
and mucinous adenocarcinoma (Figure 1I). MR was mainly 
expressed in stromal macrophages in gastric cancer tissues. 
Although MR+ macrophages were observed in normal 
gastric mucosal tissues (Figure 1B), more MR+ macrophages 
appeared in gastric cancerous tissues. Counting number 
of MR+ macrophages varied in papillary adenocarcinoma 
(Figure 1D), tubular adenocarcinoma (Figure 1F), low 
differentiated adenocarcinoma (Figure 1H) and mucinous 
adenocarcinoma (Figure 1J). The distribution of MR+ 
macrophages in gastric cancer tissues was not equal. More 
MR+ macrophages appeared in the periphery area of the 
tumor nests than inside of the nests of the tumors.

Expression of NPL+ and MR+ macrophages in gastric 
cancer stromal tissues and their relationships with the 
clinicopathologic characteristics of the patients 

As shown in Table 1, the numbers of NPL+ and MR+ 
macrophages in the stromal tissues of gastric cancer 
were significantly higher than those in adjacent non-
cancerous tissues (t-test, P=0.006, P<0.001), respectively. 
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Figure 1 Expressions of Narcissus pseudonarcissus lectin (NPL) and mannose receptor (MR) in gastric non-cancerous and cancerous tissues. (A) 
(NPL) and (B) (MR): gastric non-cancerous tissues; (C) (NPL) and (D) (MR): papillary adenocarcinoma; (E) (NPL) and (F) (MR): tubular 
adenocarcinoma; (G) (NPL) and (H) (MR): poorly-differentiated adenocarcinoma and (I) (NPL) and (J) (MR): mucinous adenocarcinoma. 
On which, stars represented positive reactivity in gastric gland epithelial cells. Arrows indicated positive macrophages in tumor stromal 
tissue and triangles showed positive cancerous cells. Original magnification: ×400. 
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The expression of NPL in the gastric cancer tissues was 
more predominant than that in the adjacent non-cancerous 
tissues (chi-square, P=0.003, Table 2). Expression of both 
the molecules in the macrophages in the tumor tissues was 
negatively correlated (r=−0.363, P=0.009). An association 
similarity between of NPL+ and MR+ macrophages was 
observed in the adjacent noncancerous tissues, but it 
appeared of no significance (r=−0.530, P=0.115).

Effect of the expression of NPL+ and MR+ macrophages 
on the clinicopathological features of patients with gastric 
cancer were summarized in Table 3. The number of MR+ 
macrophages and expression of NPL in gastric cancerous 
cells were significantly correlated with TNM stage (P=0.009 
and P=0.020) and histopathological types of gastric cancer 
(P=0.040), respectively. No significant associations between 
IHC variables and other clinicopathological factors of the 
patients were observed (P>0.05).

Relationship between NPL expression and MR+ 
macrophages number in tumor tissues and cumulative 
survival of the patients

During the follow-up period, 23 patients died of tumor 
progression with an average survival time of 26.7 months 
(ranging from 23.0 to 30.4 months). The Kaplan-Meier 
survival model indicated that the OS of gastric cancer 
patients with high counting of NLP+ macrophage was 
30.35 months, which were significantly longer than in 

the patients with low counting of NPL+ macrophages 
(21.9 months) (P=0.037, Figure 2). In addition, although 
the OS in the patients with negative NPL expression in 
tumor cells was 29.3 months, which was longer than that 
in the patients with positive NPL expression in tumor cells  
(24.2 months), but there was no statistical significance 
(P=0.656, Figure 3). The data of patients’ cumulative 
survival period indicated that the expression of NPL in 
tumor cells would not significantly affect the prognosis of 
gastric cancer patients. The estimated survival time in the 
patients with low counting number of MR+ macrophages 
(34.35 months) appeared longer than that in the patients 
with high counting number of MR+ (22.04 months). A 
statistically significant difference was obtained (P=0.003, 
Figure 4). Thus, our data indicated that NPL+ macrophages 
and MR+ macrophages in the tumor microenvironment 
would significantly affect the prognosis of patients with 
gastric cancer. 

Comparative analysis of NPL and MR provided more 
powerful prognostic value in gastric cancer patients

As important tumor microenvironment components, 
mannose and MR were influenced the tumor development 
and progression. Thus, we hypothesized that combined 
analysis of NPL and MR would predict the prognosis 
of gastric cancer patients by evaluating both NPL+ 
macrophages and MR+ macrophages in the tumor stroma. 

Table 1 Density difference of Narcissus pseudonarcissus lectin (NPL)+ and mannose receptor (MR)+ macrophages in gastric cancer and adjacent no-
cancerous tissues (mean ± SD)

Parameters Group Cases (n) Means ± SD P

NPL+ macrophages Cancer 50 29.32±13.76 0.006*

Controls 10 20.14±7.41

MR+ macrophages Cancer 50 20.69±15.52 <0.001*

Controls 10 7.56±2.86

*, P<0.05. SD, standard deviation.

Table 2 Expression of Narcissus pseudonarcissus lectin (NPL) in gastric cancerous and adjacent non-cancerous tissues

Groups Cases (n)
NPL

− + ++ +++ P

Cancer tissues 50 10 21 13 6 0.003*

Non-cancerous tissues 10 0 1 9 0

*, P<0.05.
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Table 3 Analysis between expression of Narcissus pseudonarcissus lectin (NPL) and mannose receptor (MR) in macrophages and cancerous tissues 
and clinicopathological characteristics in patients with gastric cancer (n=50)

Clinical parameters N
NPL+ macrophage NPL+ tumor tissue MR+ macrophage

Low High P − + P Low High P

Ages (years) 0.555 0.728 0.333

<65 24 10 14 4 20 7 17

≥65 26 13 13 6 20 11 15

Gender 0.526 0.258 0.504

Female 13 5 8 1 12 6 7

Male 37 18 19 9 28 12 25

Family history 1.000 0.569 0.642

No 45 21 24 10 35 17 28

Yes 5 2 3 0 5 1 4

Tumor size (cm) 0.811 1 0.670

<5 23 11 12 5 18 9 14

≥5 27 12 15 5 22 9 18

Depth of invasion 0.185 0.671 0.172

T1–2 11 3 8 3 8 6 5

T3–4 39 20 19 7 32 12 27

Nodal metastasis 0.480 0.461 0.052

N0–2 33 14 19 8 25 15 18

N3 17 9 8 2 15 3 14

Distant metastasis 0.468 0.092 0.072

No 39 19 20 10 29 17 22

Yes 11 4 7 0 11 1 10

TNM stages 0.363 0.020* 0.009*

TNM I–II 14 5 9 6 8 9 5

TNM III–IV 36 18 18 4 32 9 27

Tumor position 0.933 0.487 1.000

Cardia 23 10 13 3 20 9 14

Fundus 12 6 6 3 9 4 8

Antrum 15 7 8 4 11 5 10

Differentiation degree 0.226 0.480 0.068

Moderate & well 22 8 14 3 19 11 11

Poorly 28 15 13 7 21 7 21

Pathohistological type 0.340 0.488 0.040*

Tubular and papillary adenocarcinoma 21 8 13 3 18 11 10

Signet ring cell, mucinous and poorly 
differentiated adenocarcinoma

29 15 14 7 22 7 22

*, P<0.05; TNM, tumor-node-metastasis.
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Based on the distribution density of NPL+ and MR+ 
macrophages in tumor tissues, the patients in this study 
were classified into four groups: (I) highNPL+ and lowMR+ 
group; (II) lowNPL+ and lowMR+ group; (III) highNPL+ and 

highMR+ group and (IV) lowNPL+ and highMR+ group. The 
average OS in the four groups were 35.5, 30.4, 25.3 and 
19.4 months, respectively. The Kaplan-Meier survival 
curve showed a significant difference in OS among the four 

Figure 2 Kaplan-Meier survival curves of patients with gastric carcinoma in association with Narcissus pseudonarcissus lectin (NPL)+ 
macrophages in the tumor stromal tissues. 
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groups (P=0.008, Figure 5). The data suggested that the 
patients with appearance of more MR+ macrophages and 
few NPL+ macrophages in the stromal tissues of gastric 
cancer would hold shorter survival time. To a certain extent, 

it indicated that MR and mannose interaction affected the 
survival of patients with gastric cancer. Such a combined 
analysis of NPL and MR would be of more potential 
values for evaluating survival in gastric cancer patients than 

Figure 4 Kaplan-Meier survival curves of patients with gastric carcinoma in association with mannose receptor (MR)+ macrophages in 
tumor stromal tissues. 

Figure 5 Kaplan-Meier curves for overall survival based on a comprehensive analysis of counting status of mannose receptor (MR)+ and 
Narcissus pseudonarcissus lectin (NPL)+ macrophages in tumor stromal tissues of gastric cancer (n=50).
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individual factor analysis.

Analysis of COX regression model for prognosis related 
factors of gastric cancer

The clinical and pathological biological parameters that 
would be related to the prognosis of gastric cancer patients 
and the expression of NPL and MR in gastric cancer tissues 
were analyzed by Cox regression. Univariate analysis of 
prognostic factors indicated that tumor size (P=0.048), 
lymph node metastasis (P<0.001), distant metastasis 
(P=0.011), TNM stage (P=0.039), and counting numbers 
of MR+ macrophages (P=0.007) and NPL+ macrophages 
(P=0.045) in tumor tissues revealed significant impacts on 
prognosis of the patients. Multivariate survival analysis 
further demonstrated that lymph node metastasis [hazard 
ratio (HR) =1.887, 95% confidence interval (CI): 1.220–
2.918, P=0.004] and MR+ macrophages number in tumor 
tissues (HR =3.853, 95% CI: 1.119–13.271, P=0.033) were 
independent predictors of poor prognosis for OS in the 

patients (Table 4).

Discussion

This study demonstrated the hypothesis that MR and 
its ligand-mannose were highly expressed either in the 
macrophages of tumor stromal tissues or carcinoma cells of 
gastric cancer. We found that the counting numbers of MR+ 
macrophages and NPL+ macrophages in the tumor stromal 
tissues were negatively correlated (r=−0.363, P=0.009). 
Our observation revealed that regardless of the fact that 
NPL expression in tumor tissue cells was not associated 
with OS in gastric cancer patients (P=0.656), the counting 
numbers of MR+ macrophages and NPL+ macrophages 
in the tumor stromal tissues were significantly correlated 
with OS (P=0.003; P=0.037), respectively. Cox regression 
analysis confirmed that MR was an independent prognostic 
factor (P=0.033). To the best of our knowledge, it was the 
first time to investigate the interaction between MR and 
its ligand-mannose in gastric cancer tissues and to evaluate 

Table 4 Univariate and multivariate Cox regression analyses for overall survival of patients with gastric cancer (n=50)

Clinical parameters
Univariate analysis Multivariate analysis

HR 95 % CI P HR 95 % CI P

Age (<60 vs. ≥60 years) 1.085 0.478–2.461 0.845 – – NA

Gender (male vs. female) 2.166 0.736–6.38 0.161 – – NA

Family history (no vs. yes) 0.672 0.157–2.859 0.591 – – NA

Tumor size (<5 vs. ≥5 cm) 2.394 1.008–5.687 0.048* – – NS

Depth of invasion (T1–2 vs. T3–4) 1.606 0.989–2.608 0.056 – – NA

Nodal metastasis (N0–2 vs. N3) 2.400 1.566–3.676 <0.001* 1.887 1.220–2.918 0.004*

Distant metastasis (no vs. yes) 3.149 1.307–7.587 0.011* – – NS

TNM stages (I–II vs. III–IV) 6.546 1.104–38.804 0.039* – – NS

Tumor position 0.640 – – NA

Fundus vs. cardia 1.619 0.570–4.598 0.366 NA

Antrum vs. cardia 1.599 0.486–5.257 0.440 NA

Differentiation degree (moderate & well vs. poorly) 1.171 0.770–1.780 0.460 – – NA

Pathohistological type 1.238 0.535–2.861 0.618 – – NA

MR+ cell (high vs. low) 5.272 1.560–17.820 0.007* 3.853 1.119–13.271 0.033*

NPL+ cell (high vs. low) 0.424 0.183–0.982 0.045* – – NS

NPL+ tumor tissues (− vs. +) 1.274 0.433–3.747 0.660 – – NA

*, P<0.05. OS, overall survival; TNM, tumor-node-metastasis; HR, hazard ratio; CI, confidential interval; NA, not applicable; NS, not significant; 
NPL, Narcissus pseudonarcissus lectin; MR, mannose receptor.
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their prognostic value for gastric cancer patients. Interaction 
of both the molecules would affect the prognosis of gastric 
cancer patients.

The tumor microenvironment consists of many types 
of cells and cytokines. Cross-talks between tumor cells and 
the ambient microenvironment affected tumor progression 
and metastasis. In particular, MR and mannose can be 
overexpressed in various tumor tissues, for example, colon 
cancer (14) and esophageal cancer (40). In this study, 
we used an anti-human MR antibody (CD206) as a MR 
marker and NPL as a mannose marker. We found that MR 
and mannose were highly expressed in tissues of gastric 
cancer patients. MR was localized in macrophages. NPL 
was observed in macrophages and tumor cells. Both the 
molecules were related to the clinicopathological and 
biological characteristics of the gastric cancer patients, 
of which the counting number of MR+ macrophages 
and expression of NPL in gastric cancerous cells were 
significantly correlated with TNM stage (P=0.009 
and P=0.020), respectively. A previous investigation 
demonstrated that under hypoxic conditions, MR was 
highly expressed on the inner surface of tumor blood 
vessels, and targeted silencing MR could inhibit tumor 
growth (18). Similarly, an additional study revealed that 
the serum metabolite mannose was abnormally elevated in 
breast cancer patients, especially in advanced stage of the 
patients (27). Increased mannose expression, via promoting 
tumor cell interaction with MR, was involved in tumor 
growth, adhesion, and metastasis (41,42). Therefore, MR 
and mannose might promote the growth, proliferation and 
invasion of gastric cancer. In this study we demonstrated 
that MR+ macrophages conferred a poor prognosis for 
patients with gastric cancer and appeared as one of the 
independent prognostic factors, in consistence with the 
previous reports (22,37). In contrast to MR+ macrophage 
infiltration, the patient with few NPL+ macrophages in 
tumor stromal tissues had a shorter survival time. Although 
previous studies indicated mannose might be used as a 
prognostic biomarker for cancer patients, only few reports 
highlighted the clinical significance of mannose on tumors. 
It was pointed out that serum D-mannose levels were 
significantly associated with recurrence and OS in patients 
with esophageal cancer (43). Patients at the advanced stages 
(stage III and IVa) had higher levels of serum D-mannose 
than those at the early stage. High level of serum D-mannose 
was observed in patients with a higher survival rate than 
those with low survival rates (43). This metabolic change 
might be due to abnormally anabolic requirements of cancer 

cells and incomplete abnormal glycosylation processes (42). 
Previous investigations highlighted the prognostic value 

of individual MR or mannose in cancer but did not provide 
a comparative analysis of MR and mannose (22,43). As 
a result of abundant distribution of MR and mannose in 
tumor tissues, a combined analysis for MR and mannose 
seemed to be of potential values in objectively evaluating 
consequences of patients with tumors. Although lowNPL+/
lowMR+ and highNPL+/highMR+ counting revealed the 
intermediate OS effect, potentially attributing to functional 
counterbalance regulated by NPL and MR, lowNPL+/
highMR+ macrophage counting were significantly associated 
with a poor prognosis (P=0.008), indicating that survival 
time of patients with more MR+ macrophages and fewer 
NPL+ macrophages in gastric cancer stromal tissues were 
quite shorter survival. Therefore, highNPL+/lowMR+ counting 
would serve as a favorable prognostic factor for evaluation 
of OS. To some extent, it suggested that the interaction of 
MR and mannose would affect the survival of patients with 
gastric cancer. Poor prognosis in the patients with lowNPL+/
highMR+ macrophage counting might attribute to an immune 
profile of M2 macrophage polarization. It was reported 
that more M2 macrophages infiltrated in cancer tissues and 
was often used as an independent risk factor for prognosis 
in patients with gastric cancer (14,37). A previous study 
demonstrated that MR, via binding its konjac mannose 
ligand, promoted the polarization of macrophages to M2 
macrophages. Konjac mannose ligand induced the secretion 
of IL-10 as well as decreased the expression of IL-6 and 
TNF-α by macrophages, functioning in anti-inflammatory 
and promoted tumor progression (44). Mannose, a class 
of polysaccharide-derived immunomodulators, interacted 
with MR to stimulate macrophage activity in the body and 
triggered an intracellular signaling cascade that mediated 
anti-inflammatory and pro-inflammatory responses (45,46). 
In such a extracellular environment, the strong binding 
between the mannose and the carbohydrate-recognition 
domain (CRD) in the MR molecule caused oligomerization 
and cross-linking of the receptor protein, and activated the 
macrophage to enhance its immune function through a series 
of signal transduction processes (47). Li et al. reported that 
MR was crucial for the immune response to Ganoderma atrum 
polysaccharides (PSG-1), because of the elevation of MR in 
association with increases of phagocytosis and concentrations 
of IL-1β and TNF-α in normal macrophages (48). These 
results indicated that MR binding to ligand was one of the 
important mechanisms mediating the immune regulation of 
tumors in vivo, which affected the prognosis of patients with 
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gastric cancer.
More interestingly, we found that the counting numbers 

of MR+ macrophages and NPL+ macrophages in the 
tumor stromal tissues were negatively correlated, which 
might potentially reflect a mutual antagonism between 
MR and mannose. A previous study indicated that MR 
could remove polysaccharide molecules from cancerous 
tissues as a scavenger receptor (6). Moreover, mannose, 
as the natural ligand of MR, binds to the C-type lectin-
like domains of MR and mannose dose-dependently 
increased levels of macrophage MR (46). Therefore, we 
supposed that the counting of MR+ macrophages would 
drastically decrease within the tumor tissues, because a large 
amount of intratumor MR was cleaned by a mechanism 
of phagocytosis. Also, in this study, we observed that 
distribution of both the MR+ macrophages and NPL+ 
macrophages in gastric cancer tissues and the adjacent 
noncancerous tissues were uneven. MR+ macrophages 
mainly located in the area near the cancer nests, similarly 
to the previous investigation (49). Both in the intratumor 
and the adjacent non-cancerous areas, NPL+ macrophages 
were much more abundant than MR+ macrophages. 
Although it was reported that NPL was localized in stromal 
macrophages and lymphocytes (50), it was not difficult to 
distinguish the cells because of different morphologies of 
lymphocytes and macrophages. This study revealed that 
NPL expression was not only involved in gastric cancerous 
stromal macrophages, but also reflected functional activity 
of epithelial cells of the gastric mucosa and enrichment 
in gastric cancer cells. NPL expression in lymphocytes in 
gastric stromal tissue appeared negative. Although there 
was a previous investigation visualizing that MR staining 
was strong in the nucleus and cytoplasm of gastric cancer 
cells (15), more additional investigations were lack of 
evidences showing MR positive staining in gastric cancer 
cells, indicating that such a MR positive response in gastric 
cancer cells would attribute to a potentially artificial 
staining or unspecific contamination. We supposed that 
high expression of MR in gastric cancer tissues would at 
least partially reflect infiltration of a certain number of M2 
macrophages and showed a correlation with poor survival of 
the patients.

There were several potential shortages of this version of 
the study calling for further evaluation, for example, (I) the 
panel of patients selected was relatively limited. Increasing 
numbers of clinical specimen panels would be able to more 
objectively evaluate relationship of MR and NPL in gastric 
cancer tissues and (II) the methodology used was relatively 

simple. Based on our previous data in which a significant 
serological expression of mannose in gastric cancer patients 
was found (38), we identified the histological localization 
of mannose in the identical patients with gastric cancer, as 
described by the previous investigation (21). Potential target 
proteins rich in NPL in the gastric cancer tissues would be 
worthy to explore further.

Conclusions

In conclusion, to the best of our knowledge, this was the 
first study to carry out such a concurrent analysis on the 
expression and distribution of NPL and MR in gastric 
cancer tissues. We found that there was a significantly 
negative correlation between the expression of NPL and 
MR in gastric cancer stromal tissues. Mannose might 
affect the progression of gastric cancer by regulating MR 
expression. The patients with lowNPL+//highMR+ expression in 
gastric cancerous stromal tissues held a significantly shortest 
survival time, suggesting that MR interacted with its 
ligand-mannose in gastric cancer tissues, both affecting the 
progression and prognosis of patients with gastric cancer. 
MR and NPL would become new biomarkers for survival 
assessment for patients with gastric cancer. Obviously, 
further studies to investigate the molecular mechanisms of 
MR and NPL in the progression and metastasis of gastric 
cancer are needed.
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